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@ Hydrophllic group-containing AB-type block copolymer. 

@ An AB-type block copolymer represented by tlie following formula (1): 
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NCS M — R3 
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wherein R' represents a hydrocarbon group having 1 to 10 carbon atoms; represents a hydrogen atom 
or a hydrocarbon group having 1 to 10 carbon atoms; represents a benzyl group, 

CH^— f — O- 

0 

(wherein R* represents an alkyi group having 1 to 18 carbon atoms) or an alkyi group having 1 to 18 carbon 
atoms; M represents a group represented by the formula (M2)m-(M^)n or (M^)m-(M2)n. each of m and n being 
a natural number of 20 to 5000; represents a (meth)acrylate residue represented by the formula: 



•CHi— ^— 
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c- 
I 

C00R« 
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(wherein represents a hydrogen atom or a methyl group, and represents a hydrocarbon group having 
1 to 18 carbon atoms) or an aromatic vinyl residue represented by the formula: 

I 

— CH— C— 

R8 



(wherein represents a hydrogen atom or a methyl group, represents a phenyl group, a halogenated 
phenyl group or an alkylphenyl group) or a fatty acid vinyl ester residue represented by the formula: 

— CH,— CH— 

o 

(wherein R^ represents a hydrocarbon group having 1 to 18 carbon atoms); represents a hydrophilic 
group-containing vinyl residue represented by any one of the formulae (11) to (XI!): 




(II) 



cooz 



wherein R'°, R'' each represent a hydrogen atom, a methyl or a hydroxyl group, and Z represents a 
hydrogen atom, an alkali metal atom, ammonium or an organic amine; 

RIO R12 QQQZ 

CH — C — (Ill) 

cooz 

wherein R'° and Z have the same meanings as in the formula (II). and R'^ represents an alkylene group 
having 1 to 10 carbon atoms; 

I I 

CH — C — (IV) 

COOZ 

wherein R'°, R" and Z have the same meanings as in the formula (II), and R'^ has the same meaning as in 
the formula (III); 
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R»0 R" 

CH — C 

C — NC 

II ^Rf» 

O 

wherein R'° and R" have the same meanings as in the formula (II), R'^ and R'* each represent a hydrogen 
atom, an alkyt group having 1 to 10 carbon atoms or a sulfonated alkyi group represented by the formula - 
R'^SOsZ (wherein R'^ and Z have the same meanings as in the formula (III)); 

RIO Rii 



— CH — C — 



[ (VI) 



C — 0 — R^2 

II ^Ri* 



wherein R'°. R" and R'^ have the same meanings as in the formula (IV), and R'^ and R'* have the same 
meanings as in the formula (V); 

RIO R" 

CH C {VII) 

ON R12 NC'^^ 

B I ^Ri* 
O Ri* 

wherein R'°. R". R'^, R'3 and R'* have the same meanings as in the formula (VI), and R'^ represents a 
hydrogen atom, an alkyI group having 1 to 10 carbon atoms or a sulfonated alkyI group represented by the 
formula -R'^SOsZ (wherein R'^ and Z have the same meanings as in the formula (III)); 



C — O — R^« 

II 

o 

wherein R^^ represents a hydroxylated alky! group having 1 to 18 carbon atoms and having at least one 
hydroxy! group, and and R^^ have the same meanings as in the formula (II): 
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(IX) 



wherein R'° and R'^ have the same meanings as in the formula (II). and R'^ represents a polyethylene 
glycol group or a polypropylene glycol group represented by the formula 

— {CH^CHjO^ X or -{CHCH^O }- X 



(wherein I represents a natural number of 1 to 10 and X represents an alkyi group having 1 to 10 carbon 
atoms or Z, -POsHz, -PO3HZ or -POsZz (wherein Z has the same meaning as in the formula (II)). 



RIO 

I 




SO3Z 



(X) 



wherein and Z have the same meanings as in the formula (II); 



RIO 



■CH— C— 



N 



(XI) 



wherein R'° has the same meaning as in the formula (II); or 



R»o 
I 

■CH- 



R" 
I 

-C 

I 

SO3Z 



(XII) 



wherein R'", R" and Z have the same meanings as in the formula (II); and further represents a 
vinylpyrrolidone residue or an ammonium salt of the formula (V). (VI) or (VII). 
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HYOROPHILIC GROUP-CONTAINING AB-TYPE BLOCK COPOLYMER 



BACKGROUND OF THE INVENTION 



5 This invention relates to a hydrophilic group-containing AB-type block copolymer having a hydrophilic 
group-containing polymer chain and a polymer chain having affinity for a resin. 

It has been already known that a block copolymer is useful for modifying the surface or interface of a 
resin and making its effect persistent. 

The hydrophilic group-containing AB-type block copolymer of the present invention functions in such a 

70 manner that the hydrophilic group-containing polymer chain is oriented to the surface or interface of the 
resin to be modified, while the polymer chain having affinity for a resin is fixed to the resin. Accordingly, it 
can be used in various fields in which excellent properties possessed by hydrophilic groups such as water 
absorption capacity, antistatic properties, electrical conductivity, stain resistance, non-fogging, oil resistance, 
adhesiveness to metals, glass and ceramics, and compatibility with organisms are desired to be imparted to 

75 a resin. Specifically, it can be used for a paint additive, resin additive, surfactant, anti-foaming agent, 
flocculating agent, dispersant, builder, scale retarder, toner, adhesive, fibers, membrane, sealant, rubber, 
binder, water-absorptive resin, etc. 

An attempt has heretofore been made to synthesize hydrophilic group-containing block copolymers 
which are expected to have the above mentioned excellent surface or interface modification effect, but has 

20 not been successful with radical polymerization methods. Meanwhile, Japanese Laid-Open Patent Publica- 
tion No. 202261/84 has proposed that a hydrophilic group-containing block copolymer can be synthesized 
by use of a polymeric peroxide or a polyazo compound. 

However, when a hydrophilic group-containing block copolymer is synthesized by the use of a 
polymeric peroxide or polyazo compound as mentioned above, the molecular weight of the resulting 

25 polymer can be controlled with difficulty and further homopolymers are by-produced whereby it is difficult 
to obtain a block copolymer of high purity. 



SUMMARY OF THE INVENTION 



30 



An object of the present invention is to solve the above problems. The present inventor has found that a 
hydrophilic group-containing AB-type copolymer having a hydrophilic group-containing polymer chain and a 
polymer chain having affinity for a resin to be modified in combination can impart various excellent 
35 properties possessed by hydrophilic groups such as water absorption capacity, antistatic properties, 
electrical conductivity, stain resistance, non-fogging, oil resistance, adhesiveness to metals, glass and 
ceramics, and compatibility with organisms to the surface or interface of a resin to be modified, and also 
the effects are permanent, thereby accomplishing the present invention. 

More specifically, the hydrophilic group-containing AB-type block copolymer is represented by the 
40 following formula (I): 

NCS M ........ { I ) 

45 R2/ » 



wherein represents a hydrocarbon group having 1 to 1 0 carbon atoms; R^ represents a hydrogen atom 
50 or a hydrocarbon group having 1 to 10 carbon atoms; represents a benzyl group, 

— CH— (f — O— R'' 
O 
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(wherein R* represents an alkyl group having 1 to 18 carbon atoms) or an alkyi group having 1 to 18 carbon 
atoms; M represents a group represented by the formula (M2)m-{M^)n or (M^)m-(M2)„, each of m and n being 
a natural number of 20 to 5000; represents a (meth)acrylate residue represented by the formula: 

I 

— CH— C— 

C00R5 

(wherein represents a hydrogen atom or a methyl group, and represents a hydrocarbon group having 
1 to 1 8 carbon atoms) or an aromatic vinyl residue represented by the formula: 

I 

— CH— C— 
R8 

(wherein represents a hydrogen atom or a methyl group. R^ represents a phenyl group, a halogenated 
phenyl group or an alkylphenyl group) or a fatty acid vinyl ester residue represented by the formula: 

— CH— CHj— 

0<jj — R9 
O 

(wherein R^ represents a hydrocarbon group having 1 to 18 carbon atoms); represents a hydrophilic 
group-containing vinyl residue represented by any one of the formulae (II) to (XII): 

RIO ■ RU 
! I 

— CH— C— (II) 

cooz 

wherein R^", R" each represent a hydrogen atom, a methyl or a hydroxyl group, and Z represents a 
hydrogen atom, an alkali metal atom, ammonium or an organic amine; 

RIO R12 — cooz 
— CH — C (Ill) 

cooz 

wherein R^" and Z have the same meanings as in the formula (II), and R'^ represents an alkylene group 
having 1 to 1 0 carbon atoms: 



55 
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RIO Rll 
I I 

CH — C (IV) 

s COOZ 

wherein R'", R" and Z have the same meanings as in the formula (II), and R'^ has the same meaning as in 
the formula (III); 

10 

RIO 



CH C (V) 

J5 



R13 



C — NC 

II 



'\ 20 wherein and R'^ have the same meanings as in the formula R^^ ^p^j R^* each represent a hydrogen 
atom, an alkyi group having 1 to 10 carbon atoms or a sulfonated alky! group represented by the formula 
-R'^sOaZ (wherein R'^ and Z have the same meanings as in the formula (III)): 



25 



30 



35 



PIO 

—CB-C- ,VI) 

C— O R^^ 

II 

0 

wherein R^°, R^- and R'^ have the same meanings as in the formula (IV), and R^^ an^i R^* have the same 
meanings as in the formula (V); 

11 



40 



45 



— CH — C — o (VII) 

CN R12 Nc:^^^ 

II I \r14 

0 R^^ 

wherein R^°, W\ and R^* have the same meanings as in the formula (VI), and R^^ represents a 

hydrogen atom, an alkyI group having 1 to 10 carbon atoms or a sulfonated alkyI group represented by the 
formula -W^SO^Z (wherein R^^ gpcl Z have the same meanings as in the formula (III)); 

50 pio Rll 

I I 

— CH— C— (VII^) 
C — O— R^« 

o 
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wherein R^^ represents a hydroxylated aikyi group having 1 to 18 carbon atoms and having at least one 
hydroxy I group, and and R^^ have the same meanings as in the formula (II); 



RIO Rll 
I I 

■CH C— 



(IX) 



70 
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o 



15 



20 



wherein R'" and R" have the same meanings as in the formula (II). and R" represents a polyethylene 
glycol group or a polypropylene glycol group represented by the formula 

-( CH^CH^O j-^ X or -{ (jJHCH^O x 

CH3 

(wherein I represents a natural number of 1 to 10 and X represents a an alkyi group having 1 to 10 carbon 
atoms or Z, -POaHa, -PO3HZ or -PO3Z2 (wherein Z has the same meaning as in the formula (II)): 



25 



RIO 



■CH, 



■C- 

I 



30 




SO3Z 



•;X) 



wherein W° and Z have the same meanings as in the formula (II); 



RIO 



40 



CH, — C- 



45 



n 



(XI) 



wherein has the same meaning as in the formula (II); or 



50 



RIO 
I 

— CH- 



I 

-C — 
I 

SO3Z 



55 



(XII) 



wherein R'^, R^^ and Z have the same meanings as in the formula (11); and further represents a 
vinylpyrrolidone residue or an ammonium salt of the formula (V). (VI) or (VII). 
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DETAILED DESCRIPTION OF THE INVENTION 



The residue contained in the fornnula (1) herein means recurring units of a monomer having vinyl group 
which have been bonded by addition polymerization. 

The hydrophilic group-containing AB-type block coploymer according to the present invention has a 
structure that a hydrophilic group-containing polynner chain and a polymer chain having affinity for a resin to 
be modified are chemically bonded in a straight chain. 

When a composition is formed by compounding such AB block copolymer with a resin to be modified 
by means of, for example, melt kneading, it will take a morphology in which the free energy of such 
composition system as a whole becomes the minimum and therefore the hydrophilic group-containing 
polymer chain will be orientated to the surface or interface of the resin, while the resin-affinitive polymer 
chain will piay a role to fix the polymer firmly on the resin. Accordingly, the AB-type block copolyemr 
modifies the surface or interface of the resin, and also easy bleed-out or easy peel-off of such AB-type 
block copolymer itself from the resin can be prevented. 

Therefore, the hydrophilic group-containing AB-type block copolymer of the present invention can 
impart various properties inherent in hydrophilic group atoms onto the surface or interface of a resin, and 
also give permanency to such properties. 



Monomers for forming the resin-affinitive polymer chain 

The which forms the resin-affinitive polymer chain is a (meth)acrylic acid ester residue represented 
by the formula: 

I 

— CH,— C— 

COOR« 



(wherein represents hydrogen atom or a methyl group, and R^ represents a hydrocarbon group having 1 
to 10 carbon atoms). 

Examples of monomers forming the (meth)acrylic acid ester residue may incliJde (meth)acrylates such 
as methyl (meth)acrylate. ethyl (meth)acry!ate, n-butyi (meth)acrylate, isobutyl (meth)acrylate. hexyi (meth)- 
acrytate, isooctyl (meth)acry!ate, 2-ethylhexyl (meth)acrylate, isononyl (meth)acrylate, decyl (meth)acrylate, 
stearyl (meth)acrylate, and the like. 

Alternatively, represents an aromatic vinyl residue represented by the formula: 




(wherein R^ represents hydrogen atom or methyl group, and R^ represents a phenyl group, a halogenated 
phenyl group or an atkylphenyl group). 

Examples of the monomers for forming the aromatic vinyl residue may include styrene, p-methyl- 
styrene, o-methylstyrene. a-methylstyrene, )S-methylstyrene p-chloromethylstyrene, p-bromomethylstyrene 
and the like. 

Alternatively. represents an aliphatic vinyl ester residue represented by the formula: 



! 9 
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-CH— CH— 



(wherein represents a hydrocarbon group having 1 to 18 carbon atoms). 

Examples of monomers for forming the aliphatic vinyl ester residue may include vinyl acetate, vinyl 
propionate, vinyl butyrate, vinyl caproate. vinyl 2-ethylhexanoate. vinyl laurate, vinyl stearate. etc. 

Monomers for forming the hydrophillc group-containing polymer chain 

represents a hydrophillc group-containing vinyl residue represented by any one of the formulae (11) 

to (XII): 

RIO RH 
I I 

— CH— C— (II) 

COOZ 

wherein and R^^ each represent a hydrogen atom, a methyl or hydroxyl group, and Z represents a 
hydrogen atom, an alkali metal, ammonium or an organic amine. 

Examples of monomers for forming the hydrophilic group-containing vinyl residue of the formula (11) 
may include (meth)acryllc acid, crotonic acid, sodium (meth)acrylate. potassium crotonate. ammonium 
(meth)acry!ate. 



OH OH 



CHj = CH 



CH - CH CH2 = C 

1 I COQ-N+H 



COOH , COONa , 



CH3 



3 
r 



CH- CH- 

CH, = C and CH, = C CH„ 

COO-N+H- COO-N+H, 
I ' , i 

C2H5 ' CH3 



RIO QQQ2 

-CH — C (Ill) 

cooz 
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wherein and Z have the same meanings as in the formula (II). and R^^ represents an alkylene group 
having 1 to 10 carbon atoms. 

Examples of monomers for forming the hydrophilic group-containing vinyl residue of the formula (III) 
include itaconic acid, sodium itaconate, ammonium itaconate. 



70 



CH, = 



C,H.COOH 

I' ' 

0 

I 

GOGH . 



H, 



CH = 



C-H.CGOH 

c 
I 

CGOH 



75 



20 



25 



CH, = 



C 

I 

CGONa 



CjH.CGO-NH/ 



CH 



I 
C 
I 

COG-NH, 



and 



CH-H.COO-N+H, 

I 2 4 ,3 

CH^ = C CH3 
I 

COQ-N+H, 
I ' 
CH, 



30 



35 



Rl6 Rll 

•CH C- 



R 



12 



(IV) 



COOZ 



wherein R'°. R^^ and 2 have the same meanings as in the formula (II). and R^^ the same meaning as in 
the formula (III). 

Examples of monomers for forming the hydrophilic group-containing vinyl residue of the formula (IV) 
may include: 



45 



50 



55 
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Ha 



CH, = (jjH CH, = (jJH CH, = n 

CH,COOH , C,H,COOH IhXOOH 

3 6 



CH^ = CH CH, = 



CHjCOONa ^ CHjCOO-NH*^ 



CH = CH 



CH2COOK 



I p 

CjH,C00-N*H3 and CH, = c ^^^H, 



CH3 CgHeCOO-N+Hj 



CH3 



RIO Rll 

■CH — C — 

C — N: 
II 

O 



,R13 • (V) 



wherein R'^ and R^^ have the same meanings as in the formula (II), R^^ and R'* each represent a hydrogen 
atom, an alkyi group having 1 to 10 carbon atoms or a sulfonated aikyi group represented by the formula 
-R^^sOaZ (wherein R^^ and Z have the same meanings as in the formula (III)). 

Examples of monomers for forming the hydrophiiic group-containing vinyl residue of the formula (V) 
may include (meth)acrylamide, N,N-dimethyI(meth)acryiamide, 
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CH,= CH 



' ' ^ CH, 



con: 



OH 



CH = CH 
I 

CON 

CH, 



C2H^S03H 



CH^ 
CH, 



CH2 = c: 



CH3 

CON 



^ C2H5 

CgHeSOaNa 



OH 



CH2 =C 



CON 



H 



and 



CH = CH 

I 

CON 



CH, 



RIO 
I 

-CH 



I 

■C- 
I 

c- 

II 

O 



0 R 



12 



N; 



wherein R'°, R'^ and R^^ h^yg same meanings as in the formula (IV). and R^^ and R^* have the sanne 
meanings as in the formula (V). 

Examples of monomers for forming the hydrophilic group-containing vinyl residue of the formula (VI) 
may include: 
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CH, 



CH, = CH-COOCH,NH 



CH, 

CH = CHCOOCjHsN ^ 



OH 
I 

CH = CHCOOCgHgN 



CH2 = CHCOOCjH^N 



CA 



/CH3 



CH3 = c 



COOC2H4N 



H 
CH 



OH 



CH = CHCOOC2H4N 



3 , 
H 

CH, 



OH 
I 

CH2 = CCOOCjH^N 



CH, 



and 



C^H.SO^H , 



CH, 
I ' 

CH, = CCOOCH,N 



/CH3 



CHjSOgNa . 



I 

■CH- 



I 

■C 

I 

CN — R12 

II I 

O 



(VII) 



N: 



,R13 



wherein R'°, R". R'^, Ri3 and R'* have the same meanings as in the formula (VI). and R'^ represents a 
hydrogen atom, an alkyi group having 1 to 10 carbon atoms or a sulfonated alkyi group represented by the 
formula -R'^SOaZ (wherein R'^ and Z have the same meanings as in the formula (III)). Examples of 
monomers for forming the hydrophilic group-containing vinyl residue of the formula (VII) may include: 
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CH^ = CHCNC,H,NH, CH, = CHCNC,H,N 

II H ' II H 

O 



O 



CH3 



CH3 ^ 



CH3 

CH = CHCNC3H,N ^ CH, = c _ CNC H N " 

CH, 

' ' CH, CH 



= c — CNC2H^N 



II I ' * ^ CH3 CH, = c - CNC3H3N 

O C„H,S03H 111^ CH3 

^ * ^ , OCH3 

OH 

I CH OS 

CH=CHCNCH,N<' ^ CH, = (i ^ CNCH,N 

^C«^S03H ' 0CH,S03Na'^ ^ 



RIO 
I 

-CH 



I 

-C 

I 

c-o- 

0 



(VIII) 



wherein R^^ represents a hydroxylated alkyi group having 1 to 18 carbon atoms and having at least one 
hydroxy! group, and and R^^ have the same meanings as in the formula (II). 

Examples of monomers for forming the hydrophilic group-containing vinyl residue of the formula (VIII) 
may include 2-hydroxyethyl acrylate, 2-hydroxyethyl methacryiate, 
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10 



20 



30 



35 



45 



SO 



CH, 
i ' 

CB = CHCOOCH2CH2CH2CHCH3 



OH 



9^3 



= CCOOCH2CH2CH2CH2CHCH3 

OH 

CH, 
I ' 

CHj = CCOOCHXHCH2CHCH3 



OH OH 



CH2CHCH3 
CHj = CH2COOCH2CH2C — OH 

25 CH,CHCH, 

I 

OH 



OH 

I . ) 



and 



OH 
I 

CH = CH2COOCH2CH-CH2-CH-CH2CH3 
OH OH 



40 

RIO RU 

— CH— c— <^^> 

C — O — 

II 

O 

wherein and have the same meanings as in the formula (II), and R''^ represents a polyethylene 
glycol group or a polypropylene glycol group represented by the formula 

55 — (CHjCHjO)— or — ( CIiCH20 ) x 

CH, 
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10 



15 



(wherein i represents a natural number of 1 to 10 and X represents an alkyi group having 1 to 10 carbon 
atoms or Z, -PO3H2. -PO3HZ or -PO3Z2 (wherein Z has the same meaning as in the formula (i) and (II)). 

Examples of monomers for forming the hydrophilic group-containing vinyl residue of the formula (IX) 
may include: 

CH2 = CHCOOC2H40H 6h2 = CHCOOCHCH20H ^ 

CH3 

CH, = CC00CHCH20Na, 

^ I I , CH2 = CHCOOC2H^OCH3 

CH3 CH3 

CH2 = CHCOOC2H^OC2Hg . CH2 = CHCOOC2H4P03H 

CH2 = CHCOOC2H^OP03HNa and CH2 = CHCOOC2H^OP03K2 



20 



25 



RIO 



-CH2— c- 



(X) 



30 




SO3Z 



wherein and Z have the same meanings as in the formula (II). 

Examples of monomers for forming the hydrophilic group-containing vinyl residue of the formula (X) 
may include: 
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CH, = CH 




SO-H 



CH, = 



CH, 
I 

C 



CH„ = CH 





SOjNa 



SO3H r 



CH, 



CH, = C 



OH 



CH. = CH 



CH, = C 



SO-3NH+4 , 




SO3H ' 



CH, 



and 



CH, = c 




CH, 



SO%N+H 
CH, 




SO-3N^H3 



CH3 



RIO 

I 

— CH, — C — 



0 



{XI) 



wherein has the same meaning as in the formula (II). 

Examples of monomers for forming the hydrophilic group-containing vinyl residue of the formula (XI) 
may include: 

wherein R^o. R^^ and Z have the same meanings as in the formula (II). 
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CH, = CH 




N 



CH, = C 



N 



and 



CH„ = C 
' I 



RIO 
I 

•CH- 



I 

-C— 



SO3Z 



(XII) 



Examples of monomers for forming the hydrophilic group-containing vinyl residue of the formula (XII) 
may include: 



CH2 = CH 



^ CH2 =:C^^^3 

SO3H , SOgNa ^ 



CH3 OH 



CH = C 



SOjNa ' 



OH CH. 



CH, = CH 



CH, 



CH = C 



SO-jNH*^ 



and CH2 = c 



SO3H 



SO-3N-H3 



CH, 



M2 further represents a vinylpyrrolidone residue or an ammonium salt of the formula (V). (VI) or (VII). An 
example of monomers for forming the vinylpyrrolidone residue is vinylpyrrolidone, and examples of 
monomers for forming the ammonium salt of the formula (V) may Include: 



CH, = CHCONH+.Cl- 



OH 
I 

CH 



= CHCONH+, Br- 



and 



CH, 
I ' 
=C 
! 

C0NH+3Br- ' 

OH 
I 

CH2 = C— C0NH*3C1" 



Examples of monomers for forming the ammonium salt of the formula (VI) may include: 
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CH, = 



CH, 
I ' 

CHCOOC2H4N+H3Cr CH = CHCOOC3HSN-' HjEr" 



CH, 



OH 



CHj - CCOOCjH^N+HgCl- = CHCOOCaHsN+HjBr 



CH, 



CH2 = CHCOOC3H5N+H2CI- and CH2 = CCOOCgH^N+HjI- 



CH, 



C2H5 



Examples of monomers for forming the ammonium salt of the formula (VII) may include: 



CH2 = CHCNC2H,N*H3C1- CH^ = CHCNCH,N^H,Br- 



I 

OCH, 



OCA 



CH3 H CH3 
CH = CCNC2H,N+H3Cr CH^ = CCNCH.N^H^Br" 



llH 
O 



(I I 

O CH, 



OH 
I 

CH 



CHCNCH2N+H3Cr 
II H 



OH 
i 

CH, = CCNC,H.N+H,Br- 
I! I ' * " ' 
OCH, 



and CHj = CHCNC,H.N+HJ- 



II I ^ 1 
OCH3 CH3 



Specific examples of hydrophilic group-containing monomers for forming the hydrophilic group- 
containing polymer are as mentioned above, and at least one of these is used as a main component of the 
hydrophilic group-containing vinyl polymer. Other hydrophilic group-containing vinyl monomers, vinyl 
monomers and crossiinking agents than the above main component may also be used insofar as the 
modification effect of the block copolymer on the surface or interface of a polymer material is to &e 
exhibited. 



Preparation of block copolymer 

The block copolymer of the present invention is produced by block copolymerization, as follows. 

According to a typical method, one of the monomer for forming the resin-affinitive polymer chain 
and the monomer for forming the hydrophilic group-containing polymer chain is polymerized by the 
action of a radical polymerization initiator to form a polymer chain corresponding to the resin-affinitive 
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polymer chain or the hydrophilic group-containing polymer chain and having at the terminal end a free 
radical source comprising a free radical or a precursor thereof (first step) and then polymerizing the other 
monomer with the free radical source (second step). 

The radical polymerization initiator in this case should preferably have the functions of chain transfer 

5 and termination in combination. A specific example of such radical polymerization initiator is one which 
gives dithiocarbamate group to the terminal end of the polymer chain formed. The dithiocarbamate group 
formed at the terminal end of one block polymer chain is decomposed by giving light energy thereto to 
generate free radical, wherefrom formation of the other block is Initiated. 

The initiator preferably used in synthesis of the block copolymer according to the present invention, 

w which has the functions of chain transfer and termination in combination in a radical polymerization process 
as set forth above, is called iniferter (Otsu, Kobunshi, 3, 222 (1984)). Specifically, it is a sulfur-containing 
compound and a typical example thereof is represented by the following formula (XIII). The block 
copolymer can be synthesized by the use of one or more kinds of the compounds. 

NCSR2° (XIII) 



20 
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45 



(wherein R^^ represents a hydrocarbon group having 1 to 10 carbon atoms. R'^ represents a hydrogen 
atom or a hydrocarbon group having 1 to 10 carbon atoms, and R^^ represents a benzyl group. 

CH. — C — O— 

^ II 

0 



(wherein R^^ represents an alkyi group having 1 to 18 carbon atoms) or an alkyi group having 1 to 18 
carbon atoms). 

The hydrogen atom in R^^ may be substituted with a halogen, hydroxyl group, an aikoxyl group or 
carboxylic acid group, etc., unless the substitution remarkably changes the electronic state of the 
compound or remarkably increases the steric hindrance thereby lowering the ability of the compound as a 
radical polymerization initiator. 

The compounds represented by the above formula can be synthesized with good yield from cor- 
responding halides and dithiocarbamic acid^ salts. For example, N.N-diethylbenzyldithiocarbamate can be 
synthesized from benzyl bromide and sodium N.N-dtethyldithiocarbamate. 

In order for the compounds to function as the initiator through decomposition of themselves, to initiate 
the first step and the second step of block copoiymerization, can be employed a UV-ray of wavelengths of 
300 to 500 nm. 

40 

Copoiymerization 

As mentioned above, the block copolymer according to the present invention can be synthesized 
according to the following two steps. 

First step: A first vinyl monomer Is polymerized by the use of the above mentioned sulfur type radical 
polymerization initiator to synthesize a polymer initiator having a dithiocarbamate group at the polymer 
terminal end. 

Second step: By the use of the polymer initiator synthesized in the first step. a. second vinyl monomer 
is polymerized to form a block copolymer. Here, the dithiocarbamate at the polymer terminal end is 
decomposed to become a radical initiation site (as described in detail below). 

In such two steps, the hydrophilic group-containing vinyl monomer can be used as the first monomer 
and the resin-affinitive vinyl monomer as the second monomer. Alternatively, the resin-affinltive vinyl 
monomer can be used as the first monomer and the hydrophilic group-containing vinyl monomer as the 
^® second monomer. 

In the case of conducting photopolyrnerization through the first step and the second step, the 
polymerization system should be preferably maintained at a temperature of 150*C or lower from the 
standpoint of protection of dithiocarbamate group. 
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When photopolymerization is employed in tliese steps, the polymerization system may be either 
homogeneous or heterogeneous, provided that sufficient light energy for dissociation can be transmitted to 
the initiation site. Usually, however, bulk polymerization or solution polymerization is used in the first step, 
while in the second step solution polymerization or polymerization in a solution having the polymer initiator 

5 dissolved in the second monomer is used. 

A preferred solvent to be used for solution polymerization is one which has no characteristic absorption 
for UV-rays of a wavelength of 300 - 500 nm, has a small chain transfer constant and dissolves well the 
monomers and the polymers. Examples of such solvents include benzene, toluene, xylene, ethylbenzene, 
acetone, methyl ethyl ketone, ethyl acetate, dimethylformamide, isopropyl alcohol, butanol, hexane and 

10 heptane. 

The average degree of polymerization or the molecular weight of each component of the block 
copolymer can be controlled by the molar ratio of the initiator to the monomer. For example, when 1 mol% 
of benzyl N,N-diethyldithiocarbamate is added to methyl methacrylate with a molecular weight as a 
monomer of 100, the number average molecular weight will be about 10.000 and the weight average 
75 molecular weight about 20,000. In the case of 0.1 mol%, they wiii be about 100,000 and about 200,000. 
respectively. 

Similarly, in the second step, the molecular weight can be controlled by the molar ratio of the polymer 
initiator to the second monomer. 

For a suitable block copolymer, the average degree of polymerization should be in the range of 20 to 

20 5.000 with the hydrophilic group-containing polymer chain. 20 to 5,000 with the resin-afflnitive polymer 
chain, and 40 to 10,000 with the block copolymer as a whole. If the average degree of polymerization of the 
hydrophilic group-containing polymer chain is less than 20, the block copolymer cannot sufficiently cover 
the surface or interface of a polymer material, whereby the effect of modifying the materia! will be 
insufficient- If it is over 5,000, on the other hand, the diffusion speed of the block copolymer is small, 

25 whereby it does not adequately migrate onto the surface or interface of a polymeric material thereby 
producing a poor effect of modification. 

If the average degree of polymerization of the resin-affinitive polymerization chain is less than 20, the 
block copolymer has a low affinity for a polymeric material and thus is not fixed stably onto the material, 
leading to poor dispersion and easy bleeding out of the block copolymer, if it is over 5.000, the block 

30 copolymer does not migrate well onto the surface or interface of a polymeric material due to a small 
diffusion speed of the block copolymer, whereby the effect of modification will be insufficient. 

DIthiocarbamate groups on both the ends of the block copolymer produced can be made Inactive to the 
ultraviolet by a post treatment The block copolymer may be made inactive to ultraviolet by, for example, 
heat treating the block copolymer for several minutes at a temperature of 250 or higher or by treating 

35 the block copolymer with acidic or alkaline solution. Alternatively, the carbamate terminals of the block 
copolymer can be substituted by UV-insensitive groups by, for example, adding under irradiation of the 
ultraviolet a chemical which has a large chain transfer constant such as a thiol compound. 



40 Modification of surface characteristics 

Modification of surface characteristics according to the present invention may be effected by com- 
pounding the specific block copolymer with a polymeric material. As a method for compounding, there may 
be employed a method in which a solution or dispersion of the specific block copolymer in a solvent is 

45 applied on the surface of a polymeric material, a method in which the block copolymer is compounded with 
a polymeric material during molding of the material, a method in which a film is formed after dissolving a 
polymeric material and the block copolymer in a solvent, a method in which the block polymer is formed 
into a sheet and pressurized under heating or adhered with an adhesive onto the surface of a polymeric 
material surface, or a method in which the block copolymer in the form of powder is attached by melting 

50 onto the surface of a polymeric material. Among such methods, preferred ones are those in which the block 
copolymer and the objective polymeric material are combined via their dissolved or melted state. 

The amount of the block copolymer to be compounded may be 0.01 to 30 parts by weight, preferably 
0.1 to 10 parts by weight, based on 100 parts by weight of a polymeric material. If the amount is less than 
0.01 part by weight, the effect according to present invention will be insufficient, while characteristics 

55 inherent in a polymeric material may be deteriorated if it is in excess of 30 parts by weight. 
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EXAMPLES 



the following examples are to illustrate some embodiments of the present invention without implying a 
5 limitation. 

All parts and % in the examples are based on weight. 



70 



75 



30 



45 



Preparation of block copolymer 



Preparation 1 



(First Step) 

In a thermostat tank with an inner temperature of 50* C, a vessel made of Pyrex glass with a diameter 
20 of 3 cm and a volume of 300 ml was placed at a distance of 10 cm from a UV-ray lamp of an output of 
400W (H-400L, produced by TOSHIBA CO.). and 100 g of styrene and 2.39 g of benzyl-N.N-diethyl- 
dithiocarbamate were charged into the vessel. After the vessel was replaced with nitrogen, it was sealed 
and photopolymerization was carried out under UV-ray irradiation by the above UV-ray lamp for 10 hours. 
The polymer obtained was a pale yellow transparent solid, with the residual monomer amount being 
25 i:6%. The number average molecular weight calculated on polystyrene (hereinafter abbreviated as "Mn") 
measured by gel permeation chromatography (GPC) was found to be 9.800, and the weight average 
molecular weight calculated on polystyrene (hereinafter abbreviated as "Mw") 22,000. This polymer is a 
polymeric initiator. 



(Second Step) 



A solution obtained by well mixing 40 g of powder obtained by pulverizing the polymer obtained in the 
first step, 40 g of 2-hydroxyethy! methacrylate and 160 g of methyl ethyl ketone was charged into the same 
35 vessel in the same device as used in the first step. After replacing the inside of the vessel with nitrogen, 
photopolymerization was carried out under UV-ray irradiation for 10 hours to obtain a translucent white 
polymer dispersion. 

The polymer dispersion was subjected to reprecipitation with hexane followed by drying to obtain a 
block copolymer. The block copolymer was found to have Mn of 22,000 and Mw of 45,000 as measured by 
40 GPC. with the total amount of residual monomer being less than 1%. The percentage of block formation 
measured by solvent extraction was 86%, 



Preparation 2 



(First Step) 



so 100 g of methyl methacrylate and 2.39 g of benzyl-N,N-diethyldithiocarbamate were charged into the 
same vessel in the same device as in Preparation 1 , and photopolymerization was carried out in the same 
way as in Preparation 1. The polymer obtained was a pale yellow transparent solid, with the residual 
monomer amount being 1.0%. The polymer had Mn of 9,900 and Mw of 23.000. 
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(Second Step) 

Except for using 40 g of the pulverized powder of the polymer obtained in the first step. 40 g of 2- 
hydroxyethyl methacrylate and 160 g of methyl ethyl ketone, photopolymerization. and post-treatment were 
5 carried out in the same manner as In Preparation 1 to obtain a block copolymer. The copolymer was found 
to have Mn of 23.000 and Mw of 48,000. with the total amount of residual monomers being less than 1%. 
The percentage of block formation measured by solvent extraction was 82%. 

10 Preparation 3 

Except for using 40 g of the pulverized powder of the polymer obtained in the first step of Preparation 
2. 40 g of acrylic acid and 160 g of methyl ethyl ketone, photopolymerization and post-treatment were 
carried out in the same manner as in the second step of Preparation 1 to obtain a block copolymer. The 
75 copolymer was found to have Mn of 22,000 and Mw of 46.000. with the total amount of residual monomers 
being less than 1%. The percentage of block formation measured by solvent extraction was 84%, 



Preparation 4 

20 

Except for using 40 g of the pulverized powder of the polymer obtained in the first step of Preparation 
2. 40 g of sodium styrenesulfonate. 80 g of methanol and 80 g of acetone, photopolymerization and post- 
treatment were carried out in the same manner as in the second step of Preparation 1 to obtain a block 
copolymer. The copolymer was found to have Mn of 21 .000 and Mw of 46.000. with the total amount of 
25 residua! monomers being less than 1%. The percentage of block formation measured by solvent extraction 
was 78%. 



Preparation 5 

30 



(First Step) 

35 Except for using 100 g of methyl methacrylate and 2.47 g of ethyl 2-N;N-diethyldithiocar- 
bamylisobutyrate. photopolymerization and post-treatment were carried out in the same manner as in the 
first step of Preparation 1 to obtain a polymer with Mn of 9,800 and Mw of 22,000. 



40 (Second Step) 

Except for using 40 g of the pulverized powder of the polymer obtained in the first step, 40 g of 2- 
hydroxyethyl methacrylate and 160 g of methyl ethyl ketone, photopolymerization and post-treatment were 
carried out in the same manner as in the second step of Preparation 1 to obtain a block copolymer. The 
45 copolymer was found to have Mn of 23.000 and Mw of 49,000, with the total amount of residual monomers 
being less than 1%. The percentage of block formation measured by solvent extraction was 80%. 



Example 1^ 

50 

100 parts of polystyrene resin powder and 5 parts of the block copolymer obtained in Preparation 1 
were kneaded by an extruder to form a sheet, and further press molded to obtain a sheet with a thickness 
of 0.5 mm. 

The sheet was not colored, with no bleeding out onto the surface, and was good in processability. 
55 For this sheet and a sheet formed similarly from the polystyrene resin alone as a comparative testing 
sample their surface resistance values and contact angles with pure water were measured (measurement 
conditions: relative humidity: 30%. temperature: 20* C). The results are shown in Table 1. 

Note (The same holds in the following Tables): 
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Table 1 



Resin 


Surface 
resistance'^* 


Contact 
angle 


Polystyrene resin blended with block copolymer 
Polystyrene resin 


3 X 105 Q 
5 X 10^3 n 


50- 
95' 



•1) measured by means of a surface resistance measuring instrument produced by 
Sanko Seiki K.K. 

'2) measured by means of a FACE contact angle needle (Model CA-D) produced by 
Kyowa Kaimen Kagaku, K.K. 



As is apparent from Table 1. the sheet formed from polystyrene blended with the block copolymer has 
remarkably low surface resistance value and contact angle as compared with the sheet formed from the 
resin blended with no block copolymer showing clearly the surface modifying effect of the block copolymer. 

Next, the surface of the sheet formed from the resin blended with the block copolymer was washed with 
tap water of 25' C at a flow rate of 2 liter/min. for one hour, and then the same measurements were made 
to give entirely the same results with those before water washing. 

Example 2 

100 Parts of polyvinyl acetate resin powder and 5 parts of the block copolymer obtained in Preparation 
2 were processed in the same manner as in Example 1 to form a sheet. The sheet obtained was not 
colored, without bleeding and was also good in processability. The sheet and a sheet formed similarly from 
the polyvinyl acetate resin alone were subjected to the same measurement as in Example 1 to give the 
results as shown in Table 2, 

Table 2 



Resin 


Surface 
resistance 


Contact 
angle 


Polyvinyl acetate resin blended with block copolymer 
Polyvinyl acetate resin 


6 X 10^ (2 

5 X 10^5 n 


40' 
80' 



As is apparent from Table 2, the surface characteristics of the resin were remarkably modified by the 
addition of the block copolymer. When the same measurements were made on the sheet formed from the 
resin blended with the block copolymer after washing the sheet with water in the same manner as in 
Example 1 , the results were found to be the same with those before water washing. 



Example 3 

100 Parts of polyvinyl chloride resin powder and 5 parts of the block copolymer obtained in Preparation 
2 were formed into a sheet in the same 'manner as in Example 1. The sheet obtained was not colored, 
without bleeding and was good in processability. The characteristics* values measured in the same manner 
as in Example 1 are as shown in Table 3. 



25 



EP 0 296 850 A2 



Table 3 



Resin 


Surface 
resistance 


Contact 
angle 


Polyvinyl chloride resin blended with block copolymer 
Polyvinyl chloride resin 


2x 10^ a 
5x 10'^ Q 





10 As is apparent from Table 3, the surface characteristics of the resin were remarkably modified by the 
addition of the block copolymer. When the same measurements were made on the sheet formed from the 
resin blended with the block copolymer after washing the sheet with water in the same manner as in 
Example 1 , the results were found to be the same with those before water washing. 



75 



Example 4 



A sheet was prepared according to the procedure of Example 1 except for using 100 parts of 
polyvinylidene fluoride resin powder -and 5 parts of the block copolymer obtained in Preparation 2. The 
20 sheet obtained was not colored, without bleeding and was good In processability. The characteristics* 
values measured in the same manner as in Example 1 are as shown in Table 4. 

Table 4 



25 



30 



Resin 


Surface 
resistance 


Contact 
angle 


Polyvinylidene fluoride resin blended with block copolymer 
Polyvinylidene fluoride resin 


3 X 10^ 0 
5 X IQie n 


60' 
105" 



As is apparent from Table 4, the surface characteristics of the resin were remarkably modified by the 
addition of the block copolymer. When the same measurements were made on the sheet formed from the 
resin blended with the block copolymer after washing the sheet with water in the same manner as in 
35 Example 1, the results were found to be the same with those before water washing. 
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Example 5 

A sheet with a thickness of 1 mm was obtained in the same manner as in Example 1 except for using 
100 parts of polyisoprene rubber and 5 parts of the block copolymer obtained in Preparation 2. The sheet 
was not colored, without bleeding and good in processability. For this sheet and a sheet formed from the 
resin blended with no block copolymer, surface resistance values and surface resistivity values after friction 
were measured to give the results as shown in Table 5. 



45 
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Table 5 



Resin 


Surface resistance 


Surface resistance 
after rubbing*"^^ 


Polyisoprene rubber 
blended with block 
copolymer 






Polyisoprene rubber 


3 X 10'^ Q 





Note (The same holds in Table 6)s 

*1) measured after rubbing the sheet with a cotton 
cloth for 3 minutes using Rotary Static Tester 
(produced by Koashokai K.K,/ rotating speeds 
150 rpm) under the same environmental 
conditions as in Example 1. 

As is apparent from Table 5. the sheet formed from the resin blended with the block copolymer has a 
low surface resistance value and the value is not changed after rubbing. In contrast, the sheet formed from 
the resin blended with no block copolymer has a high resistance value, and the value rises further higher 
after rubbing. When the same measurements were made on the sheet formed from the resin blended with 
the block copolymer after washing the sheet with water in the same manner as in Example 1, the results 
were found to be the same with those before water washing. 

Example 6 

100 Parts of polymethyl methacrylate resin and 5 parts of the block copolymer obtained in Preparation 
2 were dissolved in ethyl acetate, and a film was prepared according to the solvent film formation method. 
The film obtained was not colored, with no bleeding. 

For this film, and a film formed in the same manner except for not using the block copolymer at all, 
surface resistivity values and surface resistance values after rubbing were measured.The results are as 
shown in Table 6. 

Table 6 



Resin 


Surface 
resistance 


Surface resistance 
after rubbing 


Polymethyl methacrylate resin blended with block copolymer 
Polymethyl methacrylate resin 


7x 10^ a 
5 X 10^5 Q 


7 x^o^ Q 

5x 10^e Q 



As regards the film prepared with addition of the block copolymer, the surface resistance value is not 
changed after rubbing, thus exhibiting very good antistatic effect. When the same measurements were 
made on the film after washing the film with water in the same manner as in Example 1 , the results were 
found to be the same with those before water washing. 
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Example 7 

A dispersion of 30 parts of tlie block copolymer obtained in Preparation 2 in 100 parts of ethyl acetate 
was coated on an acrylic resin plate by means of bar coating so that the thickness of the coating after 
5 drying would be 8 u» and dried at room temperature for 2 hours and further at 60 °C for 2 hours. The 
surface resistance value and the contact angle with pure water of the resulting acrylic resin plate were 
measured under the same conditions as in Example 1 . The results are as shown in Table 7. 

Table 7 

70 



Resin 


Surface 
resistance 


Contact 
angle 


Acrylic resin plate coated with block copolymer 
Acrylic resin plate 


8x 10^ a 
5x ^Q'^ Q 


45* 
80' 



As is apparent from Tabter 7, the resin plate coated with the block copolymer has a remarkably low 
surface resistance value and contact angle as compared with the plate not coated with the block copolymer. 
20 When the same measurements were made on the plates coated with the block copolymer after washing the 
plate with water in the same manner as in Example 1, the results were found to be the same with those 
before washing. 

25 Example 8 

A mixture of 100 parts of an acrylic resin varnish for paint (solution in ethyl acetate with solid content of 
30%) with 2 parts of the block copolymer obtained in Preparation 2, which mixture had a viscosity of 19 to 
20 sec, as measured by Ford cup No.4, was spray coated onto a polymethyi methacrylate resin sheet 
30 previously washed with ethanol, and dried at 60 *C for one hour. For the coated sheet obtained and the 
sheet similarly coated with the acrylic resin varnish not blended with the block copolymer, the same 
measurements as in Example 1 were conducted to obtain the results as shown In Table 8. 
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Contact 
angle 


in CM 

rr CO 


Surface 
resistance 


c: c: 

2 o 

^ Z 


Resin 


Polymethyl methacrylate resin sheet coated with varnish blended with block copolymer 
Polymethyl methacrylate resin sheet coated with varnish 
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As is apparent from the results in Table 8. the resin sheet coated with the varnish blended with the 
block copolymer has both remarkably low surface resistance value and contact angle as compared with the 
sheet coated with the varnish blended with no block copolymer. When the same measurements were made 
on the sheet coated with the varnish blended with the block copolymer after washing the coated sheet with 
5 water in the same manner as in Example 1. the results were found to be the same with those before 
washing. 

Example 9 

to 

A sheet was prepared in the same manner as in Example 1, except for using 100 parts of polymethyl 
methacrylate resin and 5 parts of the block copolymer obtained in Preparation 4, and its surface 
characteristics were measured similarly as in Example 1. The results are as shown in Tabble 9. The sheet 
obtained was not colored, without bleeding, and was good in processability. 

T5 

Table 9 



Resin 


Surface 
resistance 


Contact 
angle 


Polymethyl methacrylate resin blended with block copolymer 
Polymethyl methacrylate resin 


6x 10^ Q 
5 x 10^5 Q 


56° 
80* 



25 As is apparent from the results in Table 9. the sheet formed from the resin blended with the block 
copolymer has both remarkably low surface resistance value and contact angle as compared with the sheet 
prepared with addition of no block copolymer. When the same measurements were made on the sheet 
formed from the resin blended with the block copolymer after washing the sheet with water in the same 
manner as in Example 1. the results were found to be the same with those before water washing. 

30 

Example 10 

A sheet was prepared in the same manner as in Example 1, except for using 100 parts of methyl 
35 methacrylate resin and the block copolymer obtained in Preparation 4, and its surface characteristics were 
measured similarly as in Example 1. The results are as shown in Table 10. The sheet obtained was not 
colored, without bleeding, and was good in processability. 

Table 10 J 

40 



Resin 


Surface 
resistance 


Contact 
angle 


Methyl methacrylate resin blended with block copolymer 
Methyl methacrylate resin 


3x 10^ a 
5 X 10'5 n 


45' 
80* 



As is apparent from Table 10. the sheet formed from the resin blended with the block copolymer has 
both remarkably low surface resistance value and contact angle as compared with the sheet prepared with 
50 addition of no block copolymer. When the same measurements were made on the sheet formed from the 
resin blended with the block copolymer after washing the sheet with water in the same manner as in 
Example 1 , the results were found to be the same with those before water washing. 
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Example 1 1 

A sheet was prepared in the same manner as in Example 1. except for using 100 parts of polymethyl 
methacrylate resin and the block copolymer obtained in Preparation 5. The sheet obtained was not colored, 
without bleeding, and was good in processability. The surface characteristics of the sheet were measured 
similarly as in Example 1. The results are as shown in Table 11. 

Table 1 1 



Resin 


Surface 
resistance 


Contact 
angle 


Polymethyl methacrylate resin blended with block copolymer 
Polymethyl methacrylate resin 


3 X 10^ (1 
15 X 10^5 Q 


40- 
80' 



As is apparent from Table 11, the sheet formed from the resin blended with the block copolymer has 
both remarkably low surface resistivity value and contact angle as compared with the sheet prepared with 
addition of no block copolymer. When the same measurenrients were made on the sheet formed from the 
resin blended with the block copolymer after washing the sheet with water in the same manner as in 
Example 1. the results were found to be the same with those before water washing. 



Example 12 

A mixture of 100 parts of an acrylic resin varnish for paint (solution in ethyl acetate with solid content of 
30%) with 2 parts of the block copolymer obtained in Preparation 3. which mixture had a viscosity of 19 to 
20 sec. as measured by Ford cup No. 4. was spray coated on the various plates shown in Table 13 
previously washed with ethanol, and dried at 60* C for one hour. Also, the same varnish blended with no 
block copolymer was similarly coated on the various substrates, followed by drying. For the resulting coated 
plates, adhesiveness between the coatings and the various base plates was evaluated. The results are as 
shown in Table 1 2. 

Table 12 



Base Plate 


Varnish coating blended 
with block copolymer 


Varnish coating blended 
with no block copolymer 


Glass 


100/100 


0/100 


aluminum 


100/100 


0/100 


Copper 


100/100 


80/100 


Tinplate 


100/100 


80/100 


Zinc-plated steel 


100/100 


80/100 


Stainless steel (SUS 304) 


1 00/100 


10/100 


Note: Test method: the checker cellophane tape peel-off test. 



As is apparent from Table 12. the coatings of the acrylic resin blended with the block copolymer exhibit 
remarkably enhanced adhesiveness to the various base plates as compared with the coatings without 
addition of the block copolymer, which clearly shows the surface (interface) modification effect of the block 
copolymer. When the same adhesion test was conducted after dipping the various plates coated with the 
varnish in tap water of 25 *C for 24 hours, both of the coatings blended with the block copolymer and 
blended with no block copolymer showed the same results with those before water dipping. 
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Claims 

1. An AB-type block copolymer represented by the following formula (i): 

NCS M R3 (I) 



10 



15 



wherein represents a hydrocarbon group having 1 to 10 carbon atoms; represents a hydrogen atom 
or a hydrocarbon group having 1 to 10 carbon atoms; represents a benzyl group, 

— OH — (f— O— 



(wherein R'^ represents an alkyl group having 1 to 18 carbon atoms) or an alkyl group having 1 to 18 carbon 
atoms: M represents a group represented by the formula (M2)^-(M^)n or (M^)m-(M2)n, each of m and n being 
^° a natural number of 20 to 5000; represents a (meth)acrylate residue represented by the formula: 

I 

COOR^ 

(wherein R^ represents a hydrogen atom or a methyl group and R^ represents a hydrocarbon group having 
1 to 18 carbon atoms) or an aromatic vinyl residue represented by the formula: 

R-^ 



35 



45 



-CH— C- 
R3 



(wherein R^ represents a hydrogen atom or a methyl group, R^ represents a phenyl group, a halogenated 
^ phenyl group or an alkylphenyl group) or a fatty acid vinyi ester residue represented by the formula: 



— CHj— CHj— 



o 



(wherein R^ represents a hydrocarbon group having 1 to 18 carbon atoms); represents a hydrophilic 
50 group-containing vinyl residue represented by any one of the formulae (II) to (XII): 



R" 

— CH— C— (II) 

cooz 
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wherein R'°, R'' each represent a hydrogen atonn. a nnethyl or a hydroxyl group, and Z represents a 
hydrogen atom, an alkali metal atom, ammonium or an organic amine: 

R»o — COOZ 

5 II. 

CH — C — {Ill) 

COOZ 

70 

wherein R^** and Z have the same meanings as in the formula (II). and R'^ represents an alkylene group 
having 1 to 10 carbon atoms; 

RIO RU 
,S I I 

CH — C— (IV) 

— COOZ 

20 

wherein R'". R" and Z have the same meanings as in the formula (II), and R'^ has the same meaning as in 
the formula (111); 

25 _ RIO ; 

— CH — C — 

C — NC 

30 II ^R14 

o 

wherein R'° and R" have the same meanings as in the formula (II). R'^ and R'* e;ach represent a hydrogen 
35 atom, an alkyi group having 1 to 10 carbon atoms or a sulfonated alkyi group represented by the formula - 
R'^sOaZ (wherein R'^ and Z have the same meanings as in the formula (III)); 

RIO R^^ 
I I 

CH C 

C— 0 — R^2 — NC"^ 

II ^RU 

wherein R^°. R'^ and R^^ have the same meanings as in the formula (IV), and R^^ and R^* have the same 
meanings as in the formula (V); 

RIO RU 

— CH — C — (VII) 

55 CN R12 NCT^^ 

II. I \r14 

O Ri* 
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wherein R^°. R-\ R^^. R'^ and R'* have the same nneanings as in the fornnula (VI), and R^^ represents a 
hydrogen atom, an alkyi group having 1 to 10 carbon atoms or a sulfonated aikyl group represented by the 
formula -R'^SOaZ (wherein R^^ ^ hav@ the same meanings as in the formula (III)): 



r 



► 10 RU 

— CH--C— (VIII) 
10 C — 0 — 



2S 



wherein R'^ represents a hydroxylated alkyI group having 1 to 18 carbon atoms and having at least one 
hydroxy! group, and and R^' have the same meanings as in the formula (II); 

^10 Rii 

20 CH C i"^"^) 

I 

C O R^*^ 

II 

■ o 

wherein R^° and R^' have the same meanings as in the formula (II), and R'^ represents a polyethylene 
glycol group or a polypropylene glycol group represented by the formula 

— (CHjCHjO 4-X or -{ CHCH^O j- X 

CH3 

35 

(wherein i represents a natural number of 1 to 10 and X represents a an alkyi group having 1 to 10 carbon 
atoms or Z, -PO3H2. -PO3HZ or -POsZa (wherein Z has the same meaning as in the formula (II)). 



30 



40 



RIO 



45 



— cHr~o— (X) 



SO3Z 



wherein R^° and Z have the same meanings as in the formula (II); 

so 



55 
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RIO 

I 

■CHj C 

N 



wherein- R'" has the same meaning as in the formula (II); or 

Rio RU 



CH C (XII) 

SO3Z 

wherein R'°, R^' and Z have the same meanings as in the formula <ll); and further represents a 
vlnyipyrrotidone residue or an ammonium salt of the formula (V), (VI) or (VII). 

2. The block copolymer according to claim 1, wherein the residue is formed from a (meth)acrylate 
monomer selected from the group consisting of methyl (meth)acrylate, ethyl (meth)acrylate. n-butyl (meth)- 
acrylate. isobutyl (meth)acrylate. hexyl (meth)acrylate, isooctyl (meth)acrylate, 2-ethylhexyl (meth)acrylate. 
isonony! (meth)acrylate, decyl (meth)acrylate and stearyl (meth)acrylate. 

3. The block copolymer according to claim 1 , wherein the residue is formed from an aromatic vinyl 
monomer selected from the group consisting of styrene, p-methylstyrene, o-methylstyrene, a-methylstyrene 
and /3-methylstyrene, 

4. The block copolymer according to claim 1 , wherein the residue is formed from an aliphatic vinyl 
ester monomer selected from the group consisting of vinyl acetate, vinyl propionate, vinyl butyrate, vinyl 
caproate, vinyl 2-ethylhexanoate. vinyl laurate and vinyl stearate. 

5- The block copolymer according to claim 1, wherein the residue is represented by the formula (II) 
and formed from a hydrophilic group-containing vinyl monomer selected from ^ the group consisting of 
(meth)acrylic acid, crotonic acid, sodium (meth)acrylate, potassium crotonate, ammonium (meth)acrylate, 

OH OH 

1 I CH. = CH 

CH = CH CH2 = C I 

1 1 COO-N+H 

COOH , COONa , 1 



3 
I 



CH3 CH3 

CH, = C and CH, = C CH- 

'I 11 

COO-N+H, COO-N+H2 

I I 
C^Hj ' CH3 
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6. The block copolymer according to claim 1 , wherein the residue is represented by the formula (I!!) 
and formed from a hydrophilic group-containing vinyl monomer selected from the group consisting of 
itaconic acid, sodium itaconate. ammonium itaconate, 



CH, = 



CjH.COOH 
I 

C 
I 

COOH , 



CH = C 



C2H4COOH 



COOH 



CH, = 



C,H.COONa 
,2 4 

C 
I 

COONa 



^"3 
CH 



C2H^C00-NH^^ 



= C 



and 



COO-NH^^- 



CH^H.COO-N-H, 
CH2 = C CH3 

COO-N-^H- 
I ^ 
CH, 



7 The block copolymer according to claim 1, wherein the residue is represented by the formula (IV) 
and formed from a hydrophilic group-containing vinyl monomer selected from the group consisting of: 



CHj = (jJH 



CH» = CH 



CHjCOOH , 



CH2 = 



C2H4COOH 



? 



CjHgCOOH 
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CH3 CH3 
CH, = CH CH, =<j: CH=CH 

CHXOONa . nxT rOQ-NH^" ' 

^^2 = , CH3 



C2H,COO-N^H3 and CH^ = C ^^^s 



CH3 C^HgCOO-N^H, . 

a. The block copolymer according to claim 1, wherein the residue is represented by the formula (V) 
and formed from a hydrophilic group-containing vinyl monomer selected from the group consisting of 
(meth)acrylamide. N,N-dimethy!(meth)acrylamide, 



con: 



OH 
I 



CH3 - ^ ^ CON C ' ' 

CASO3H ^C3fi,S03Na 



CH = CH I 
I ^ CH3 CHj = 0 



OH 



CH3 conC 

CH3 ^ H 

CH = CH 

con:^ ' 

9. The block copolymer according to claim 1, wherein the residue is represented by the formula (VI) 
and formed from a hydrophilic group-containing vinyl monomer selected from the group consisting of: 
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CH. 



CH2 = CH-COOCH2NH2 ^ 



CH, 



CH = CHCGOCgHgN 



^CH3 
C2H5 



OH 



CH = CHCOOCjHgN 



CH2 = CHCOOCjH^N 



/CH3 



CH2 = c 



CbOC2H4N 



OH 



CH = CHCOOC2H4N 



H 
CH 



3 , 
H 



CH, 



OH 
I 

CH2 = CCOOC2H4N 



/CH3 
"^CH, 



and 



C2H,S03H , 



CH, 
I ' 

CHj = CCOOCH2N 



/CH3 



CHjSOgNa 



10. The block copolymer according to claim 1, wherein the residue is represented by the formula 
(Vll) and formed from a hydrophiiic group-containing vinyl monomer selected from the group consisting of: 
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CH 

CH, = CHCNC,H,NH, CH, = CHCNC,H,N ^ " 

\J Q 

CH3 

' C H CH3 

CH, 

I CH CH 

CH, = c - CNC^H.N ' „ I ' C,H,S03Na 

II I * ^ CH3 CH^ = c - CNC3HeN C; 
O aH.SO-H II I CH3 

' ' ' ' OCH3 

OH 

I OH 
CH.CHCNCH,N^^ CH, = ^ _ CNCH^N 

o CH2SO3H ' ![ ' 



O CHaSOjNa 



11. The block copolymer according to claim 1. wherein the residue Is represented by the formula 
(V!ll) and formed from a hydrophilic group-containing vinyi monomer selected from the group consisting of 
2-hydroxyethyl acryiate, 2-hydroxyethyl methacrylate, 

CH, 

I ' 

CH = CHCOOCH2CH2CH2CHCH3 

OH. 
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CH3 

CHj = CCOOCH2CH2CH2CH2CHCH3 

OH 

CH- 
I ' 

CHj = CCOOCH,CHCH,CHCH„ 

2, 2| 3 ^ 

OH OH 



OH 
I 

CH2CHCH3 
CH, = CH,COOCH2CH2C — OH 



and 



CHnCHCH... 
OH 

OH 
I 

CH = CH2COOCH2CH-CH2-CH-CH2CH3 . 

OH OH 



12. The block copolymer according to claim 1, wherein the residue Is represented by the formula 

(IX) and formed from a hydrophllic group-containing vinyl monomer selected from the group consisting of: 

CH2=CHCOOC2H40H CH2=:CHCOOCHCH20H ^ 

CH, 

CH, = CCOOCHCH-ONa 

^11^ , CH2=CHCOOC2H^OCH3 

CH3 CH3 

CH2=CHCOOC2H^OC2H5 , CH2=CHCOOC2H4P03H 
CH2 = CHCOOC2H^OP03HNa and CH2 = CHCOOC2H40P03K2 

13. The block copolymer according to claim 1. wherein the residue is represented by the formula 

(X) and formed from a hydrophllic group-containing vinyl monomer selected from the group consisting of: 



40 



EP 0 296 850 A2 




I 



. 

14. The block copolymer according to ciaim 1, wherein the residue Is represented by the fornaula 
(XI) and formed from a hydrophillc group-containing vinyl monomer selected from the group consisting of: 




15. The block copolymer according to claim 1, wherein the residue is represented by the formula 
(XII) and formed from a hydrophilic group-containing vinyl monomer selected from the group consisting of: 



41 



EP 0 296 850 A2 



= CH 



CH, = C 



■CH, 



SO3H 



SOjNa 



OH CH3 ^„ 
i I ' CH2 

CH =c 
I 

SO3H , 



= CH 



SO-3NH-^4 



CH3 OH 



CH = G 



S03Na ' 
CH, 



and CH, = C 



SO-3N-H3 



CH, 



16. The block copolymer according to claim 1. wlierein tlie residue is a vinylpyrroiidone residue and 
formed from vinylpyrroiidone. 

17. The block copolymer according to claim 1, wherein the residue is an ammonium salt of the 
formula (V) and formed from a hydrophilic group-containing vinyl monomer selected from the group 
consisting of: 



CH, 



CH» = CHCONH+Xr 



CH^ =c 



OH 
1 

CH = CHCONH^jBr- 



CONH+gBr- 



and 



OH 
I 

CH2 = c — CONH-^gCl- 



18. The block copolymer according to claim 1, wherein the residue is an ammonium salt of the 
formula (Vl) and formed from a hydrophilic group-containing vinyl monomer selected from the group 
consisting of: 

CH- 
I ' 

CH2 = CHCOOCjH^N^HjCl- CH = CHCOOC3H N-"H3Br- 



CH, 



CH, = 



CCOOC2H4N+H3Cr 



OH 
I 

CH = CHCOOCjHgN+HgBr- ^ 

CH, 
I ^ 

CH2 = CHCOOC3H5N^-H2Cr and CHj = CCOOC2H4N+H2r 



CH3 



19. The block copolymer according to claim 1, wherein the residue is an ammonium salt of the 
formula (VII) and formed from a hydrophilic group-containing vinyl monomer selected from the group 
consisting of: 
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CH, = CHCNC,H.N-^H-C1- CHj = CHCNCHjN+HjBr" 



I 

OCH3 



CH = CCNC-H.N^HaCr 
II H ' 
O 

OH 
I 

CH = CHCNCHjN+HjCr 
II H 
O 



OC,H 



2-^*5 



CH, 



CH = CCNCHjN+H-Br- 
II I 

OCH3 

OH 

I 

CH, = CCNC-H.N-^H-Br- 
II I 

OCH3 



and CHj = CHCNC,H.N*HjI- 

II I I 
OCH3 CH3 



20. A polymer composition comprising a polymeric material and the block copolymer according to 
claim 1. 

21. The polymer composition according to claim 20. wherein the amount of the block copolymer added 
is 0.01 to 30 parts by weight based on 100 parts by weight of the polymeric material. 
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® Hydrophilic group-containing AB-type block copolymer. 

© An AB-type block copolymer represented by the following formula (I): 

NCS M R3 



(I) 



CO 

< 

o 

00 

<o 
o> 

CM 



a. 

lU 



wherein R' represents a hydrocarbon group having 1 to 10 carbon atorris; represents a hydrogen atom 
or a hydrocarbon group having 1 to 10 carbon atorr^s: R3 represents a benzyl group. 



(wherein R* represents an alkyi group having 1 to 18 carbon atoms) or an alky! group having 1 to 18 carbon 

f rturaTnrbiTso foToo'^M^"*^' ^"'""'^ °^ <^^')-<^^)" of mid n being 

a natural number of 20 to 5000; represents a (meth)acrylate residue represented by the formula: " 



I 

-C — 
I 

COOR« 



(wherein RS represents a hydrogen atom or a methyl group, and R« represents a hydrocarbon group having 
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1 to 18 carbon atoms) or an aromatic vinyl residue represented by the formula: 

I 

— CH3— c— 

(wherein represents a hydrogen atom or a methyl group, represents a phenyl group, a halogenated 
phenyl group or an alkylphenyl group) or a fatty acid vinyl ester residue represented by the formula: 



— CH— CH— 



o 

(wherein R^ represents a hydrocarbon group having 1 to 18 carbon atoms); represents a hydrophilic 
group-containing vinyl residue represented by any one of the formulae (II) to (XII): 

— CH— C— (II) 

cooz 

wherein R'", R'^ each represent a hydrogen atom, a methyl or a hydroxyl group, and Z represents a 
hydrogen atom, an alkali metal atom, ammonium or an organic amine; 

RIO R12 — 

CH C (Ill) 

COOZ 

wherein R^° and Z have the same meanings as in the formula (II). and R^^ represents an alkylene group 
having 1 to 1 0 carbon atoms; 

Rio Rll 

CH — C (IV) 

COOZ 

wherein R^°, R^^ and Z have the same meanings as in the formula (II), and R^^ has the same meaning as in 
the formula (III); 
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RIO RH 
I I 
CH C— 



' (V) 

II ^R14 

o 



wherein R'" and R" have the same meanings as in the formula (II). R'3 and R'* each reoresent a huHrr^non 
n j>(j3^ (wnerein R'-^ and Z have the same mean nns a-= in tK^^ 1„ /him. 



Di2e/-> -7 / J . JT,, " -».uv*.. ciums, VI d BuiTonaiea aiKvi grou 

R SOaZ (wherein R^^ and Z have the same meanings as in the formula (III)); 

R»o Rii 

I I 

— CH — C — 

1 

C — O R12 N 

II 

) O 



.R- ^^^^ 

^R14 



Ri» Rii 

i I 

CH C ^^jjj 



CN— R12 ^. 

O R»« 



-R" 



wherein R'o rii. ri2 ri3 and R'* have the same meanings as in the formula (VI) and R'^ represents a 

formurR^°^o' T, -"^o,? '^""^ ^'"-^^ °' ^ alky group represSd by the 

formula -R'^SOaZ (wherein R'3 and Z have the same meanings as in the formula (III)); 

^10 RU 

CH C {VIII ) 

C — O — Rl6 
II 

o 

Wherein R'B represents a hydroxylated alkyi group having 1 to 18 carbon atoms and having at least one 
hydroxyl group, and Ri" and R" have the same meanings as in the formula (II): 
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I I (IX) 

— CH— C— 

C O — R^^ 

II 

O 

wherein and R^^ have the same meanings as in the formula (II), and R'^ represents a polyethylene 
glycol group or a polypropylene glycol group represented by the formula 

— (CHjCHjO^ X or -{ CHCH2O )— X 

CH, 



(wherein £ represents a natural number of 1 to 10 and X represents an alkyi group having 1 to 10 carbon 
atoms or Z, -PO3H2, -PO3HZ or -PO3Z2 (wherein Z has the same meaning as in the formula (11)). 




wherein R^° and Z have the same meanings as in the formula (II); 



RIO 
I 

•CH, — C 



N 



(XI) 



wherein R'° has the same meaning as in the formula (II); or 



RIO RU 
I I 

CH C (XII) 

SO3Z 

wherein R^°, R^^ and 2 have the same meanings as in the formula (II); and further represents a 
vinylpyrroiidone residue or an ammonium salt of the formula (V), (VI) or (VII). 
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